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Abstract 
 
Nanocomposites of bacterial cellulose (BC) and poly(vinyl alcohol) (PVA) were prepared by cast-drying method as 
an easy way in producing nanocomposite films and to expand the use of BC. The contribution of PVA in 
nanocomposites was evaluated by measurement of cross-sectional surface, moisture uptake and mechanical 
properties. Morphological analysis shows that PVA covered a number of cellulosic fibres and formed denser material 
as a function of PVA addition. Based on the tensile test, the addition of PVA causes a very slight reduction compared 
with bacterial cellulose itself. The BC/PVA nanocomposites still have similar stiffness to BC with elongation at break 
less than 5%, while PVA film shows ductile properties with elongation at break more than 80%. On the other hand, 
the presence of BC fibres in the PVA matrix enhanced the tensile strength and the elastic modulus of pure PVA about 
two to three times, but it decreased the toughness of pure PVA. The highest tensile strength and elastic modulus of 
the nanocomposites are 164 MPa and 7.4 GPa, respectively at BC concentration of 64%. Increasing BC concentration 
is proportional to reducing moisture uptake of BC/PVA nanocomposites indicating that the existence of BC ¿bres 
inhibits moisture absorption. 
 
© 2012 Published by Elsevier Ltd.  
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1.  Introduction 
There has been an increase in research and development on cellulose synthesized by microorganism 
such as bacteria [1,2]. Bacterial cellulose (BC) is produced by acetic acid bacteria Gluconacetobacter 
xylinus (was Acetobacter xylinum) and has a linear ȕ-1,4 glucose structure [3]. BC demonstrates unique 
physical properties attributed by the uniform ultra¿ne-¿bre network structure and by the high planar 
orientation of the ribbon-like. In some Asian countries, people consumes BC as food product known as 
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‘nata de coco’ [1,4]. Due to its excellent characteristics, BC has been used in other technical applications 
such as medical applications [5,6], diaphragms of electro-acoustic transducer [7] and electronic paper [8].   
Much effort has been focused on developing bioplastics by incorporating renewable materials. 
However, their performance, processing, and price are some important issues that should be answered 
when compete with synthetic low cost polymers. In this regards, BC could be one of the good sources of 
low cost natural polymeric materials. Thus, to produce practical use of bioplastics and to improve their 
properties, BC has been blended with thermoplastic polymers by various methods [9-12]. BC sheet has 
been impregnated under specific pressure with poly(vinyl alcohol), PVA [9], while other studies 
introduced second phase into the culture medium of BC by in-situ method [10-12]. Interestingly, 
fragmented BC fibres could be formed into high mechanical properties paper with up to one third of hot 
pressed BC gel-like sheet values [1,3,13]. 
In order to obtain more useful BC, such as for agricultural purposes and packaging material, BC/PVA 
is prepared by cast-drying method. This method is an easy way to produce nanocomposite. Since PVA is 
water soluble and biodegradable, it is considered as one of the promising materials [14]. Casting films 
production is a well-known technology, but it still remains the opportunity to study the effect of different 
materials on films properties, hence to provide cost-effective products. Utilization of high content of BC 
is expectedly plays an important role for that purpose. This paper discussed the important role on the 
physical and mechanical properties of BC/PVA nanocomposites. Penetration of PVA into fibrilar 
structure of BC was observed on cross-sectional surface of nanocomposite by Scanning Electron 
Microscope (SEM).  
2.  Experiment 
2.1. Materials 
PVA was purchased from Aldrich with 87-89% hydrolyzed (Mw 85,000-124,000). BC gels were 
purchased from local industry in Cianjur, province of West Java, Indonesia. BC gels were rinsed 
thoroughly in running tap water until its pH was neutral. Subsequently, BC gels were boiled in 2% w/w 
aqueous solution of NaOH for 1 h, in order to remove non-cellulosic compounds. The gel-like pellicles 
were then washed again in running tap water to remove remain alkali solution on the BC gel. 
2.2. Nanocomposite films preparation 
BC gel with the addition of 40% w/w water was shredded using a home blender (Philips) for 5 min. 
This disintegrated BC was placed in plastic beaker and stored in refrigerator for a week to form more 
homogeneous solution. An aqueous PVA solution was obtained by dissolving 1.2% w/w of the PVA 
powder in distilled water at 60 °C under magnetic stirring. Water was added to compensate for any 
moisture loss that may have occurred during the heating process. To get the final volume of 200 mL, ratio 
of PVA solution and BC slurry mixtures was adjusted as listed in Table 1.  
Table 1. Composition of suspension for BC/PVA nanocomposite by casting method 
Sample code Slurry of BC (mL) 1.2% w/w PVA solution (mL) 
A 140 60 
B 160 40 
C 180 20 
75 Indriyati et al. /  Procedia Chemistry  4 ( 2012 )  73 – 79 
The BC/PVA mixture was then stirred for 10 min to form a homogeneous gel-like solution. The solution 
was cast on Teflon-coated tray (12.5 cm u 20 cm) and was kept in an oven at 40 °C until completely dry. 
Then, the films were removed from the tray and stored in a sealed-plastic container. As control, neat BC 
and PVA films were treated by the same method.  
 
2.3. Morphological surface of cross-sectional nanocomposite films 
Scanning electron microscopy (SEM, JEOL 6360LA) was used to observe morphological surface of 
cross-sectional nanocomposite films. The specimen was cut and prepared under liquid nitrogen and 
mounted in an aluminium holder with double-sided carbon tape. It was then sputter coated with a thin 
gold layer and observed at an acceleration voltage of 20 kV.  
 
2.4. Mechanical testing of  nanocomposite films 
Tensile tests were performed by an Orientec UCT-5T with 100 kgf load cell according to ISO 527-
1993E standard method at 23qC and 50% relative humidity (RH). Dumbbell-shaped specimens were 
obtained from each film according to ISO 527-2 type 5A. The initial grip separation, the gauge length and 
the crosshead speed were set at 50 mm, 25 mm and 1 mm/min, respectively. Thickness was measured 
along the test length using a Toyoseiki Digital Micrometer with a 0–25 mm range and accuracy of 0.001 
mm. At least five specimens of each sample were measured by computerized calculation and the average 
value recorded. Prior to mechanical testing, the films were stored at 23 qC and 50% RH for 40 h. 
 
2.5. Moisture uptake analysis of  nanocomposite films 
 
For the analysis of moisture sorption, the sample of 20 ± 2 mm u 10 ± 2 mm was placed in a sealed 
chamber containing 20 mL distilled water (100% RH) at room temperature. At predetermined intervals, 
samples were taken out from the chamber and weighted using 0.1 mg precision analytical balance. Prior 
to moisture uptake measurement, the films were stored at controlled room temperature of 23qC and 50% 
RH for 2 days. The moisture uptake was calculated using the following equation:  
 
Moisture uptake = (wt/(wt – wi)) u 100% (1) 
 
where wt is a weight at certain hours and wi is a initial weight. 
3.  Results and Discussion 
Evaluation on the effect of PVA as one of  potential biodegradable polymers against stiffness of BC 
has been carried out based on mechanical properties and moisture uptake, which is related with the 
change in morphological surface of nanocomposites.  
3.1. Nanocomposites morphology  
Integration of two different materials bring about the change in the appearance of the resulting 
nanocomposite films. Cast-drying films exhibit different surface roughness properties, at air-contact and 
tray-contact surfaces, respectively. Air-contact surface shows coarser than that of tray-contact, which is 
common in the preparation of films by the casting method. One-directional evaporation from air-contact 
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surface might be the cause of this difference. This similar condition occured in starch/PVA/glycerol film 
prepared by solution casting method [15].  
In the previous study, 100 mL BC slurry resulted in 0.54 g dried BC film. This value was used as a 
reference to determine ratio of BC and PVA concentration, given in Table 2. Visually, PVA gives rise to 
the transparency of films, Figure 1. The introduction of PVA into BC enhanced the optical transparency 
of nanocomposites. PVA is able to penetrate into nano fibre of BC. However, white stains on the surface 
of film show irregularities in the distribution of BC fibre.  
Table 2.  Ratio concentration of BC and PVA in the BC/PVA nanocomposites 
Sample code BC content (wt%) PVA content (wt%) 
A 51 49 
B 64 36 
C 80 20 
 
 
Fig. 1. Optical photograph of (a) BC film, (b) BC/PVA 80/20, (c) BC/PVA 64/36, (d) BC/PVA 51/49, and (e) PVA film 
In order to understand the possible interaction of BC and PVA, the cross-sectional surface of the 
nanocomposite films was observed by SEM. PVA forms non-porous layer (Figure 2e). It covers BC 
fibres after integration of them (Figure 2b-2d). High number of irregular direction of BC fibres form 
network that made several layers when observed in the cross-sectional direction, Figure 2a.  It clearly 
shows that fibrilar network of BC associated each other by hydrogen bonding to create escalating ribbons, 
flat layer and pellicle structures. Integration of PVA and BC in various weight ratio made inter-layer 
network is blurred and the boundaries among layers becoming unclear, Figures 2b-2d. It indicates that 
PVA covered cellulosic fibres, formed denser material as a function of PVA addition, and good interfacial 
adhesion between BC fibres and PVA might be occured.  
 
  
Fig. 2. Cross-sectional image of (a) BC film, (b) BC/PVA 80/20, (c) BC/PVA 64/36, (d) BC/PVA 51/49, (e) PVA film 
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3.2. Mechanical properties 
In general, the presence of an external phase between cellulose ¿bres tends to reduce the strength of 
hydrogen bonding interfibrilar [13,16], affecting the mechanical properties of the nanocomposite ¿lms. 
However, penetration of PVA molecule into cellulose fibres does not change mechanical properties of 
BC/PVA nanocomposite films significantly, Figure 3. The figure clearly shows the elasticity of PVA with 
necking and cold drawing regime and rigidity of BC film. The resulted nanocomposite films properties 
just about similar with that of BC fibers, mainly due to the high concentration of BC nano-fibers in the 
film matrix. BC film exhibits high modulus and tensile strength as a result of hydrogen bonding strength 
in nanocellulose network. This suggests that the hydrogen bond strength of BC is more influence than the 
strength of hydrogen bond between PVA and BC to the mechanical properties of nanocomposite films. 
Strength of inter-intramolecular bonding in the nanocomposite film prevents fiber slippage and 
reorientation upon tensile loading. Hence, mechanical properties of nanocomposites still have a low strain 
at break as BC. On the other hand, BC/PVA nanocomposites prepared by in situ method showed plastic 
deformation with necking and strain-hardening region [12]. 
 
 
Fig. 3. Typical stress-strain curves for PVA film, BC film and BC/PVA nanocomposite (49 wt% PVA) 
In detail, mechanical properties of BC/PVA nanocomposites with various PVA loadings are presented 
in Table 3. The yield strength and yield strain of PVA film are 58 MPa and 4.3%, respectively. By cast-
drying method, tensile strength (UTS), elongation at break and the Young modulus of PVA film is 60 
MPa, 83% and 2.2 GPa, respectively. These properties are slightly higher than PVA sheet prepared by 
Gea et al. [12]. Mechanical properties of the nanocomposites are still around BC properties indicating 
high strength and modulus of BC fibres still have significant effect on the nanocomposite properties.  
Table 3. Mechanical Properties of PVA film, BC film, and BC/PVA nanocomposites 
PVA content 
(wt%) 
Yield 
Strength 
[MPa] 
Yield Strain 
[%] 
Tensile Strength 
[MPa] 
Elongation at 
break 
[%] 
Elastic Modulus 
[GPa] 
0 
20 
36 
49 
100 
- 
- 
- 
- 
58.1±14.5 
- 
- 
- 
- 
4.3±0.4 
129.6±26.9 
110.7±12.1 
163.5±34.0 
130.9±20.9 
60.1±11.3 
4.3±1.8 
4.2±1.1 
2.6±0.4 
2.6±0.3 
83.2±37.6 
6.8±0.8 
4.9±0.7 
7.4±1.2 
6.0±0.5 
2.2±0.4 
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The tensile strength and elastic modulus reaches 164 MPa and 7.4 GPa, respectively at PVA 
concentration of 36%, suggested that BC fibres served as particulate reinforcement for the PVA matrix. 
Anomaly results occured at 20% PVA concentration with low tensile strength and elastic modulus. This 
behavior was probably attributed to the presence of voids and to the random distribution of the fibrous 
fillers in films. In general, it showed that BC affects mechanical properties of nanocomposites 
considerably. 
3.3. Moisture uptake behaviour 
PVA has been considered as one of the promising materials for green plastics due to its 
biodegradability and good chemical resistance. However, it absorbs moisture easily which may limit its 
application. Nanocomposites based on PVA and fillers from renewable resources are known to be 
extremely water sensitive. However, strong ¿bre–matrix adhesion resists diffusion of water molecules 
along interfaces [17,18]. In this work, moisture absorption studies were carried out at 100% RH. Figure 4 
shows the moisture uptake of the BC/PVA nanocomposites with various fibre loading as a function of 
time. At the initial stage (from 1 to 20 h), moisture uptake of PVA and nanocomposite films increased 
sharply. However, after 20 h, PVA and nanocomposites show slowly moisture absorption and saturation 
phase reached within 96 h. Reducing in moisture uptake is proportional to the increasing of BC loading 
indicating that the existence of BC ¿bres inhibits moisture absorption due to the decreasing of interfacial 
adhesion between fibre and matrix as confirmed previously [18].   
 
 
Fig. 4. Moisture uptake of BC, PVA, BC/PVA nanocomposites as a function of time  
However, different mechanism occurs in BC film. Initially, moisture absorption reached to 82%, but 
decreased to 70% in 96 h. At the initial stage, absorption of water occurred due to the existence of free 
hydroxyl groups on the surface, and 82% is the highest ability of BC film to absorb water molecules. In 
96 h, BC releases back the absorbed moisture to the surface. Easily releasing of moisture is due to 
instability of water molecule on the film surface.  On the other hand, crystallite region formed by the high 
strength of hydrogen bond prevents from water molecule penetration into the inner part of BC network. 
4.  Conclusion 
It has been shown that nanocomposite films based on PVA and BC fibres can be prepared and casted 
in aqueous suspensions. Visual analysis demonstrates that the nanocomposite films distinctly different 
surfaces roughness, on air-contact and tray-contact surfaces, respectively. One-directional evaporation 
from air-contact surface might be the cause of this difference. In addition, PVA covered a number of 
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cellulosic fibres and formed denser material as a function of PVA addition. Tensile measurement revealed 
that pure BC film and BC/PVA nanocomposites exhibited brittle behaviour with small elongation at break 
(less than 5%), while PVA film shows ductile properties with elongation at break more than 80%. On the 
other hand, the presence of BC fibres in the PVA matrix enhanced the tensile strength and the elastic 
modulus of pure PVA about two to three times, but it decreased the toughness of pure PVA. The highest 
tensile strength and elastic modulus of the nanocomposites are 164 MPa and 7.4 GPa, respectively at BC 
concentration of 64% suggested that BC fibres acted as particulate reinforcement for the PVA matrix. 
Reducing in moisture uptake is proportional to the increasing of BC concentration in the nanocomposites 
indicating that the existence of BC ¿bers inhibits moisture absorption. Moisture behavior of BC/PVA 
nanocomposites exhibits similar pattern to PVA, while BC reached its maximum moisture content at 82% 
and released its moisture up to 70% after 96 h. This happened because of instability of water molecule on 
the film surface due to crystallite region in BC.  
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